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PROBLEM TO BE SOLVED: To provide a reliable semiconductor 
device wrth a high yield by suppressing oxidation of an active layer 
in a semiconductor device using a semiconductor layer including 
aluminum (Al) as an active layer, and also to provide a method of 
manufacturing the same. 

SOLUTION: The semiconductor device comprises a stripe 
consisting of a clad layer 2 of a first conductivity type, an active 
layer 4 including Al, and a first clad layer 6 of a second conductivity 
type, which are stacked in a prescribed area above a semiconductor 
substrate 1 ; a current blocking layer 8 wherein the stripe is 
embedded; a second clad layer 9 of the second conductivity formed 
above the stripe and the current blocking layer 8; and a contact 
layer 10 of the second conductivity formed above the second clad 
layer of the second conductivity. In the semiconductor device, a 
protection layer 7 not including Al is formed between the active 
layer 4 and the current blocking layer 8. 
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mm] r/^^~'^J>. (Al) S:-^tp¥^***:S*fif« 

m 2 7 KJl 9 i , ^2 ^m^m 2 iJ' 7 y K^±J;i?1? 

^^tuifcm2«m®=i>^'^' 1 0 t*^h-^£.^^m-w 

^^^;l*5^^T. ±IE«1±S4 t±|S1Sdtt:/n s'^'Ss t 
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fhtim 2 mmmm 2i^yyvmt. 
mmm2mmmm2^^y-y h'm±i^j^^^fitz.m2mm 

(0 0 1) ffi, (0 0 1) B/S^p, [1 — 10] 

iRj^fctt [—1 10] ;^(R)lcMv^T*3t), -^rroMt^^i 
5 SgiT-CfcS r i: i-5fi*« 1 * fctt 2 J^IE 

i*aJlC.^«?fiS^T g CC) irb. 

(x, y) = (Tg, Rg) ic: X y¥ffi-C*$tv5 

(Tg, Rg) = (5 6 0, 0. 3) , (6 2 0, O. 
3), (670,2). (670,3). (56 0, 

^titzm 1 mmmi' 7 y ym. a 1 ^-^i^mmmtsx-a^ 

f^2mm.Mmi i^y y K®A^6>/£5:^ h^-i':?'©^ Vy 
'rr<^««<o«^*-(R]Sr*i-;^ [1 1 

0] -C'fe5i:#. 

(0 0 1) ffid^b [110] :&(R]*fc»i [-1-10] 

1 ^msi^ 7 -y vm. A 1 ^-^tfStt^is ir/ 

^®fl!:S^ffiF*3-C [110] [—1 10] :)jf^ 

*fcf4 [1 — 10] ;^rp)^:lM^^TV^5wt€r#®i:■f•5 

¥-^«:S«ffiF*3-e [110] ^riRj^b^b [—110] 
*fcf± [1 — 1 0] :*-|B]'^fiv>r*3!) . -^-roMtjiso. 
0 l«ei±3*eAT-^&5wtSr4*mti-5gS*«6f;i 
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Ji|l;< f-Jg*t-C*)5 ;i t ?r#® t -f--5e*« 1 TilE 7 

i§ii*« 9 1 ^««:s«ji»;i. ^ 1 mmm^ 9 y k 
A 1 ^^ttmi^m^i. urn 2 smsim 1 7 y 

mm.:fo yifm±\zm2mmm.m2i'yiy vm%:m^-r 
ttrfsm2^m^^2^9s' K«Ji(c^2 3ims=>:^^^ 

^ 2 2 iS' 7 y KJl ^M^-r^T.m t . 

mimm2mmmm2iS''7'y \fm±izm2mmm^>-i'i^ 
^mm(o^^msti:r e CC) tb. 

«S^rofiK;ftM^^R g (Mm/h) ti-St. 
(x, y) = (Tg, Rg) (Ct?) X y5^ZBf:^§j^5 

^fimat fifes jiaic>iB^/6»fe. 

(Tg, Rg) = (5 6 0, 0. 3) . (6 2 0, 0. 

3). (670,2). (670,3). (56 0, 

figS?fl^ t ^smA i T-fc S r i: Sr#'<a t T^m^^ 9 

m^mi2] A\ ^^•^f£\,^m2mmmmii'yy 
fifes ?a*^Tg cc) iu. 

fifeSaSSSrRg (Aim/h) ir-fSt. 
5<7 (x, y) = (Tg, Rg) »;i J; 5 x y ^ffi-C^ 
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(Tg, Rg) = (5 6 0, 0. 3) . (6 2 0, 0. 
3). (670,2). (670,3). (560, 

^sma t t'vh^:it t-r^ i 

[»*3g 1 3 ] ^mi^mm(Dm:^&i)K ( o o i ) 
^^ci« (0 0 1) mTb^h [1 — 1 0] :^i^^tc\^ 

[—110] ;&-rp)^cMv^T;^sl9 , ^(om^ii^i sm&^T 

[11 0] T*fe5^ 

(0 0 1) ffi;6>e> [110] :;^fp]*fc{i [-1-10] 
::&fp]^::^Sv^Tl/^5r ^ ?r#iS:^-r5f»5ft3g9 7!;^i 3o 

^m^mwmp^x [i i o] i^^t^h [—1 1 0] 
^fcfi [1 — 10] *■r^^cMv^rv^6r <t ^^'^^-r^ 

^^f^S^®F^T- [110] :)j\^t^h [—1 1 0] :*-fp] 
*fcfi [1 — 10] ;^^pJMi[v^T^o^9 . ^(omtt^o. 
0 l*W_b3aJ!^TT*fe5:ii^i|#®[^-rSff*^l 5 

[ff5j^^i 7 1 h^-f :7^^^ 
Jlip«1^?^<^'CfcS;i«bS:4*ta:i:t-^fff5j^^9 7!?Ml Q<D 

[0 0 0 1 1 

[0002] 

[«e3fecoS^S] ^ 1 4f;il 9 8 o^i^-Y— :^/^ • • 
rr^^ K • :7^i;?^ 5.^;^, »5 1^. 4 5 3 9'<'4 
5 4 0-<— ( J OURNAL OF APPLIED 

PHYSICS, P. 4 5 3 9-4 5 4 0, VOL. 
5 1, 1 9 8 0) ^C;^^ttTV^-5 »>:3^:y h3i5^^V^-C 

K ^ L S i6 i^^.-^f^ D ^ -f- 6 ^ 
— if (BH-LD:Buried Heterostr 
ucture — Laser Diode) OSjaSr^ 
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10003] nMlnP (100) Sfe 1 a JitH I n G 
aAsP^i4^4c. pMl nPi5^^:y Kil6 b. 
InGaAsP=2>'^i5r}.^10 b b ^^JSKjJ^^^ 
^^tv. pMl nPmJf£::/D5,^®8 a. nMlnPm 
JS^^n ;/ >:r jf 8 n S I n G a A s PS 8 c -eSi?)ai 

[0 0 0 4j mi b\:immxm(Dxn^ht\^m^^^f:LV^ 

it? [0 0 0 5] ^-rs n V—:f(DYim.l n PX^R 1 a Jitw 
?S^g^S^feT* I nC a A s Pi^'14^4 c . p ^ I n P 
yyYM&h^ I n G a A s P a- :/ :7"S 10c ^J^S 
■r 5 (El 1 5 ( a ) ) o 6 3 o*t; 

T% ^ftifljg^fiO. 5^/5>Tfc5o ^ttM0 4 c(^a 
I no. 73G ao. 27A s o. 63 P 0. 37"t'^?S"C(^^S^K 
Sf:il. 3;/mT*fc^o 

[0 0 0 6] ife^c, [110] :^rR]t-*i6'-7 ^nKo;^ 

h^-f T'^^O^ftv-y rr>--v;;c.>^ 1 3 a (HI 
15 (b) ) o -?:LT. Br (:/ni:.) — 
fK-CnMl nPS«l a(;i^i--5^T^2/^>-i/^fT 
^\ (1^15 (c) ) o Br-^i5^/ 

—^^^m^. (Ill) I n PffiCOrc:y^>-i/i/^ 
31\/^fca??tri^7« f-^^iK^/c^^o InGaAsP 
ffittg4 c ;d5i(S 1-^2 J: 5 K=^iy=^l^^^m 

Sf^o ^com. pMl nPm»f&>^n5/i5'Jl8 a. nS! 
\ nVm^-^^ ^y^M^h ^ I n G a A s Pji 8 c 

-CSie)3Z^tp (El 1 5 (d) ) o miti^V l 3 

a^^*^. h^-r:?'lfP5>(^^{cpai n P^^ 

y KS6 b fc^i-^^T31«^6«j(cZ nfe^««2 0 0^ 
30 \^ mi 4) . pMlnGaAsP^i^^^^hSl 

0 h^m^vxmi 4T*;^byc«3t/j>5#e,tt5o 

[0 0 0 7] BH-LD{i. ^v^fif^4SI|i^r^St^.mffi(7) 

if^M;6^"sjtg-e^6o L;6^L. fSI^/lilifi L# v^ltSiJfc 

[0 0 0 8] Ell 4tC^L:rc«^3l^OBH~LD 

"Cfi. P«i^:3^5/^^^^J;::B r -y — /WT^^ ir(D:ii,y^ 

SttTi^SBH-LD (1^14) ^^:joV^Tfcs t'— A0c 

tt^;65^ttSl|iil Mm-C3 Sa^X 3 5S. SttSiBdS 2 

MmT*l 5gX 3 5ST-fe«9. fgl^MiMi- J: oT tf — A 

50 wc^m^x^ <^t^^:iti)^mm.^tix\^^^o 
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10 0 0 9] ±m^MOVPE^-S:izX^^mi^ 
!f (ASM-LD :A11 Selective 
MO VPE grown Laser Diode) 

[0010] mi e\zi 9 9 9^3Mr^ - f — 

1135^. ^3-^. 368 — 376H (IEEE 
JOURNAL OF QUANTUM ELECTRO 
NICS, P. 3 6 8-3 7 6, VOL. 35, NO. 
3 3, MARCH, 1 9 9 9) JC^^tbTV^S A SM- 
L D CO^it EI ^ o 

[0 0 11] (0 0 1) S^^fiS^-r^nMi 

nPS^Sl a Jl^C;?<i^;^ Y'7^^^(Dnm \ n P ^ "7 y 
Kit 2 a (J?:$ d= 1 0 0 — 2 0 0 nm) . nffllnG 
a A s P^;^f-f Kg3 b (X = l. 13A£m, 60n 
m) . O . 7 %mm^(0 InGaAsP»^^/U(d = 6 
nm) , InGaAsP/^yr ( A = 1 . 1 3 iti d 

= 8nin) . T*it^^n5^^aa^^#F^ttg4 b. 

p{|ijl nGa As P^;3(f-f Kg5b (X-1. 13^ 
m. 6 0nm) . p M I n P^ 1 ^ ^ 5^ KS 2 0 6 a 
(d = 1 0 0 — 2 O O nm) t^M^^tl. O ;»< >^ h 

^^zfn^ pmi npmwty^ ^yi^ms a (d = 6oo 

nm) . nM I n Pfl;St:/p 2/^g8 b (d = 6 0 0 n 
m) T-Si65i*ttTV^5o -?rLT. ^OJitCpSlnP 
M2^^>K;i9a (d = 1600nm) . pMinG 
a A s ri^^^iJ^ hil 1 0 a ( 3 0 0 n m) ;65^^^$TV^ 
:*fc. p{|ij«® 1 1 ^ n>l|ij«ffil 2;65jg^^tbTV^ 

[0012] HI 1 7 icYf^JLU^^To 

[0 0 13] ^T. (0 0 1) m^^Sz^t-r^nmi 

nPm^l a jL{c [110] :^\^{zr^^x 2:^(7) y^ h9 
^^^(Omitiy)) ^l^-^:^^ 1 3 ^ ("^>^^r|il5 /zm) 
^Jf^^L (mi 7 (a) ) . "^X^J^T'S^^tLyc^ftS (IB 
Pitel. 5/xm) tCal^MOVPE (M e t a 1 Or 
ganic Vapor Phase Epitax 
y) ^fitClJ: y) nm I rvP ^ =7 y Vm2 Si ^ nm^lS-^ 

Kii3b. ^^ss^^F^ttii 4 b . pm%^^ vm 

5 b. pM I n PIS 1 ^ ^ Kii 2 0 6 a 

7 (b) ) o »:^-'fe/^:7T^><>':7'D-fe;^-e;J^i^;;^ 
^^(O V y:^(07^\z.mt^^^) ^ly-^Ts^ 13a 

(m 1 7 (c) ) . -^iX^-^J^iJ^ <b LTpS I n vnM 
-Zf^V^m^^. nM I n P®g6>^P 8 b. p^ 

I n P'a^J^yo :yi^^jl8 a (75jl|I-eigtf^^Si-'5 (1317 

(d) ) o S^^bv-y =i>-'^;^^ 1 3 a ^I^^^IC, pM 
InP||2i5^^5/Kji9a<J:pMlnGaAsr3^^^i;^ 
1 0 a ^^S^SLTU— ^«3t;dSf^SaT*t-5 (0 
17 (e) ) o 

[0 0 14] m \ 8tc:-fe/U>^r7^>'7'n-fe>^^^-r, 
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(i^cvD) jcj; D ^i^;^ h 5/>^(^g?>fbv^y 3 

i^]Kl4CD/p:$ (dt) h7-r:7'fiS®<^KftV 

y =^v^i 4 (ds) J:i:)i^<;^^5 (dt>d 

s ) J: p (^IJ^^g-r^ (m 1 8 ( a ) ) o »CJ-. d s = 0 

^^^fs (lai 8 (b) ) o -«s:fi?)?i>^;*- N y 

'JWM'^^'^mM^^'^ti^^-^^^ b v/v^;^ h 1 5 

^?g^L. 7«f-iiEOg^>f|-v^y K:3^y^ 
i^? ^^^"e^5fe-r5 (0 1 8 ( c ) ) o LT. U-i^;^ N 1 
5*^5feLTp«f-;^ h^-f >;/:7"o;^tj:S^<kt/y n:/ 
13a >':f^±:^i>^^T 
(Ell 8 (d) ) o 
[0 0 15] ASM-LD-Cfi:. ^^^^fiT'f^Si L;^® 

'tt^^iSss^as, (0 0 1) (111) B 

- t c - if # ^ ^ ^ ;ei5 IS m ^ ti. T V > 5 o 

[0 0 16] 

[^ig;65<^*l^J:5 ^-f-^^jg] inAl (Ga) As 

^^'l4^^C^V^/c^^^^— iff^. InGaAsP^til 

[0 0 17] b;5-L. f&ttii^:l^^^L^V^r/l-^ 

(Ai) ^^t^fci^\z^ m^mm^:d^^±^\cmm^^zf 

m<DBH~LDXn^ mis (c) T*^Lfc;^i^:^>;/^ 
1 6■C^LfcASM-LD^c::^3l^Tt. (^1 7 (c) CO 

40 [0 0 1 8] A \ -^^ts^m^^m^^ 

^4^^-^v^fc^*#:^^^c*5V^T. Stt^fiOSSrA 1 ^ 

[0019] 

SS® Stufc® 1 MmM^ 7 5^ K®. A 1 
50 ^X^^2M^m^li^vyYmt^hf^^:^Y'7^^}i. 
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m 2 ^m^^ 2 ^ ^ Kg i: . HulS^ 2 igm^^ 2 ^ 
[0 0 2 0] ^^<^S^JiOM^c^MSctcSji^;h./c^ 

immm^'y^yvm. a 1 ^^tfSttJi*3j:t/^2#m 

[0 0 2 1] z(Dt^. A 1 ^^i^fj:\.^^mmn. m2 
mmmm i ^ ^y iy vm tmcmx;h<:^xh 
[0 0 2 2] A 1 sr-g-^?svNt*sji(i. fS2mmmmi 

^9 y vmtmr.mxh^(Dx\ m2mmmmi y 

[0 0 2 3] ^/c. (0 0 1) 

®. (001) mt^h [1 — 10] :fr[^^fcti 

[—1 1 0] ;^r^iC^SV^T:^3^9. -^<7)Mt;65 l ^mXT 

[0 0 2 4] ^2g^S«(7)ffi;&fi;ii^ (001) ffi. ^ 
fcfi (0 0 1) [1 — 10] ■^o^-^fz.V^ [—11 

0] *-f^t;iMV^T*5«9. -^C0{gt;6Sl 5Si^TT*fe6 

[0 0 2 5] ^fc. A 1 ^^^/c^V^^^^?^^^B#^D^ft^ 

3t«^Rg (A£m/h) i:-rs^. (x, y) = (T 
g, Rg) t-i:6x y5p®T^^tl.5^^?^^^^;gjg 
l^}l(Dm^t^h. (Tg, Rg) = (5 6 0, 0. 
3), (620.0,3). (670,2). (67 
0, 3). (560. 3) 0 5.^^«gA/r*ffl^ixyh®«c 

[0 0 2 6] A 1 1Sr•^^*V^i^^ji?^^^^<^^^fi, ^ 
S?a*SrTg CC) ^b. ^;65iS^Rg (/zm/h) 
(x, y) = (Tg, Rg) tc:<t5xy3p® 

T*^ ^ 5 ^ <!: CO Ji)^ ^ . ( T g , 

Rg) = (560, 0. 3). (620, 0. 3), 
(6 7 0. 2). (6 7 0, 3), (5 6 0, 3)05 

t:d^X^. «S®^^^UT?g^i-5wi:d5-e&-5o U 
[0 0 2 7] ^tc. ^mi^&&±<o:;^ hv^-y^mm:^ SO 
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ss^nfc^i»mMij^7 5^ K®. A 1 ^-g-tpfliiisio 

J:U^^2^m^^l ^y y Vm:^^h^j:^y^ hy^-^<Dy^ 

10] xh^t^. ^mi^mm(Dm:^m^. (ood 

DS:d>f^ [110] :&[pj^fcfi [-1-10] ^-ipjlc^gv^ 

[0 0 2 8] :^ hy^^(D^^:^}p]^7r:-r::^ hy^z^:^ 

[1 1 0] T'fc^^t. ^^fr^«c^ffi:?b^ffi^. 
(0 0 1) m^^h [110] :*-r^^fcfi [-1-10] 
:^i^\cmn^^t\c^^. y^ hy^::^mmx(D^mMJ^ 

[oo2 9]^fc. ^mi^m^±(Dy. hy^-^^mm^ 
mm^ti^fcmimmm^y y h^m. Ai^-^u^^m^ 
^x^m2mmmmi ^yy Kji^b^bJis;^ h^^:ror>>^ 

hy^y':ikm^<oM^:^\^^^'r:^hy^y':^^fi^^ ^ 
^i^&^mP^x [110] [—110] ;6-[p3^ 

fc\^ [1 — 10] ;&r6]{;iffiv^Ti^rt J:v>o 

[0 0 3 0] :^hy^zf<D-§:^:^\^^7^'ry^hy^^:^ 

^mi^mumf^x [110] ^rfRj;i)^e> [—11 
0] :^f^^fcf:i [1 — 10] :^\^\cmn^:iti,z^y)^ 

y^ vy^zfm^x<o%mmm^<Dmkm^^h\^^<t^ 

[0 0 3 1 ] ^/c. ;^ h^^:7^^^^«o*^;^f^^^i- 
>^ ^^{*:S*g®[^T- [110] 

h [—110] :fe-fR)^fci± [1 — 10] ;d-|Rj--ffiv>x*5 
19. -^r^^fa^^dSO. 0 iai!^JL±3Si^JLTT*feoTt J: 

[0 0 3 2] ;^ h h ^ 

^mi^m^mp^x [i i o] *fp];6-ib [— 

110] ;fyf^^fcfi [1 — 1 0] ;^f^MSv^T*5|9. 
coffl§^;5^o. 0 1 S)^-h3Si^T-efetLf^. ;^h^-f>^ 

mmx(D^mmm^(o^mi±j()^^x<^j:^fz:ifx^^<. y^ 

hy-(^(0^it^fj:miiKi:m^X% 5o 

[0 0 3 3] ^felc. ;^ h^-Y >^25SJiip«i^?^^^-cfcoT 

[0 0 3 4 1 — ±IEg&^5:^^-t-5;t*!)O:*:^0>^cr) 

^yyi'^m. A\ ^^umi^m^xum2mmmmii^ 

y y vm:d^hf-j:^y^ hy^y'^m^'T^JLUt. mmm 

2mmmmi ^y y vmm^^ik. g^^tc:^ b-r^i:^.? 



9 

[0 0 3 5] m 1 mmm^ ^ y h^m. 

[0 0 3 6] ^fci-x. ^mi^m^±{^. mimmm^y 

'7yvm. mmf^^m^^xj^mmm2mmmmi y 

4'^:}sxx^mm^mi^m^(Dmmm±\::m^y'^ y^m 

±\^m2mmmm2^^yh*m^m^'r^:jint. sfris 
m2mmmm2i^9y vm±.{^m2mmm=^iy^^ hm 

[0 0 3 7] ^«<*:s«±(c. m 1 mmm^ 9 y vm. 

<> A 1 ^^^fj:\.^m 2mmmm I ^ ^ y k;s^. 

immm^9y h^m. mi±misxxfm2mmmmi^9 

jf^^^^(DT.nxn^ m2mmmmi y \''m7^^m^ 
mcDm^t^mCo m2mmmmi^^y]'^m^^m^m(D 

10 0 3 8] ^fz.^ A\^^'^fX:\^^^mmWym^<0^^ 

liS^Rg (;xm/h) h-r^h^ (x, y) = (T 
g, Rg) t::<fc§ X y ^®-e^^tt5^g?^Si:j^S5i 
Kt(Dm%t^h-. (Tg, Rg) = (5 6 0, 0. 
3). (620,0.3). (670,2), (6 7 
0, 3). (560, 3) (D^ ^^^hXWi-^fX^fz.^^ 

[0 0 3 9] A 1 S:-^^ 3^1^112 iJ^^ 

y K^?i^^^c^^ff^(i. ^SfSft^Tg (t:) i: ^ 
«3^*^Rg (//m/h) h-t^h. (x, y) = (T 
g, Rg) lCj:5x y5p®-e^$iX-5^S?Ma^^fi3^ 
a^<^i9«3e>^b. (Tg, Rg) = (5 6 0, 0. 
3) . (6 2 0,0.3). (6 7 0.2). (6 7 
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0, 3). (560, 3) 0 5.^ilr^AyT*ffl*tbfc®« 

[0 0 4 0] * ^m^^m-^(om-^^t^^ (001) 

ffi. ^;/c:f^ (0 0 1) B;6>e> [1 — 10] :^f^^5tfl 

[—1 1 0] :&^p]^;l^av^ri3l9. -^o^a^^dsi 5SJ&IT 
[0 0 4 1 ] ^fc. ^^^SSJico;;^. >^^RM*^^- 
10 nc7f^^:^Y'7>(^^^i^ [110] 

(0 0 1) ffiji^b [1 1 0] ij^%fz. 
\± [-1-10] ;^r^^;l^Sv^Tv^Tt J:vNo 
[0 0 4 2] ^fc. ^5g«^S«Jit^;^ hy><:7^^^^«(c: 

1 o] :>5^t^h [—1 1 0] ;^fRi*fc(i [1 — 1 0] -^s 

[0 0 4 3] ^tL^ ^^^rt^M«<^«^:^fp]^^i- 
^ ^^5gfl!:S«®f^r- [i i o] -^s^t^ 

20 h [—1 1 0] :^fp]^fcfi [1 — 1 0] Jj\^^m^^X:i6 
^ . "tcDm^id^O. O lS»-h3ftJl^iTT'fcoT t»<t 

[0 0 4 4] ^ h7^>^;d5||[gy i^J|^^^X'feoT 

[0 0 4 5] 

m:io\^^xmm^m<:>xmm'i-^o 
[0 0 4 6] mi {c:^mm(D^mi^m^(om^mm%:7jk 

so ^vyYm2. r/i-^-^^A (Ai) ^^tsm^m^. 

m 2 mmmm i ^ ^ 5/ Kii e Jb ^ ^^mm^mm 

m^^2>5'^5/ Kil9. ||2^mM=^>'t$^^ hgl 0:65 

[0 0 4 7] m 2 {Cf^KXS^^-To (0 0 1) 

mi:^^mt^^^^mi^S^l±\c2:^<D:^ 

1 3 ^^f^JFj^b (1112 (a) ) . -r;^>J^T' 

yy Kii2. Ai sr'&tfffitt^4. m2mmmmi^y 

{m2 ih) ) ^ Mtc. ^^Q^S;r(7)^(;it±i'rwi: 
^mtc:^bi-r:^M<3iJg!LTi^^S7S:?g^i- 
§ (^2 (c) ) o 

[0 0 4 8] m^-^/^yry^ iy-:^^'^::^xm^mm^ 

Kcop^i^ h 5':/<^^fc:-^mf**^;^i5^ 213 m 

2 (d) ) . ^tt^'^;^>:^ ^ urm^it^^D 5.ij^^8 ^ii 

»^^ST*Jgj*-r5 (1^2 (e) ) o 2 13 

5(7 ®2®®S^2i5^7y KJS9 tm2StaM=i 
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[0 0 4 9] mi^mmm.m\^^mm7{cx<^x^m^ti 

U /.C V ^ i 9 J- C2 -fe ;^ ^ S fe 5 o 
[0 0 5 0] t¥*«?yT*:^UfcASM-LDT*ti. ^ttii 

3^ tf >^ D -fe: >^ T?^^ b T V ^ 5 o 

[0 0 5 1 ] ;*c^igT-fi. r(^«SS$r>^D-fe>^(?5*i^ 

XS^ r*^# $ iJ: 5 :^ ^ J: o r ^^bWS'J^m tr 51 # tH 

[0 0 5 2] J^^lTT-tt. %mm<0n'^^^l^}h^fz.}h<0 
<i-^. ® I I l;^ (I n^Ga/^^) J!S5tSfC0tt*&»^ 

5o -^rcJC^SS ^ LTfi. f&I^Ji^gSI^S^^iliJffiti (1 1 

1) '^(D®(;i:Jo(t^ I I 1®^!^^ (In. 30 

Gatj:tl {^rm<Dvmm^ (As. P/^<if) <i:l;2|s:(^ 

(111) B!S<hl^-r5c 

[0 0 5 3 ] ^Sium7bm\f^tmm7bmm^tix 

(111) B®T*C0^S;6S{£jtT?#5o -^fz. I I im 
(0 0 1) ffi_bco^S5g^^5:^#v^t5<^* (ill) B® 
S:^#v>j5Jc;S#l^#T-n. (Ill) B^xh^^ikmm 

JC?i^^Ufc^ttii^JSKcofi!l®TfcS (111) B®(i 

y^-^&ii^iSzM^ti^o 't(D^^^. (111) BStd 
[0 0 5 4] A 1 ^^^:^c^'t4ii^ffiv^fc^'a^. ^^-9-;=^ 
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^mm^^\'^m\^^tz.^m^m'^. wxj^. asm-ld 

[0 0 5 5] 

m S A S M - L D « at El fo 5 o 

[0 0 5 6] (0 0 1) S^^SS^-r^n^I 

nPS^la (^-^y rMan = 2X 1 O^^cm"^) Ji 
h7>f >^?i^)R(^nSl n P^^5/ KS2 a (© 
^d = 200nm. n = 1 X 1 0 c m"^) , n{|l|In 
A 1 G a A s ^Jtf-I' 3 a (d = 5 0nm, 7 
:7') , I n A 1 G a A s !>zc/U (d = 6 nm. 1. 5% 
JESIM. 7e^:n/W) , InAlGaAsx^syr (d = l 
Onm. 0. 9%^\^m^m) Xm^^tl^^^MA^ 
4a, pfiOlnAlGaAs ^^-T Kil 5 a 

(d = 5 0nm. y K— >^) . pMlnP||l>7^-/ 
K®5 6a (d = 5 0nm, p = 5 X 1 0 ^"^ c m~^) 

ffifipMl nF^mm? a T*S^^^i^TV^6o (0 0 
1) ®t:i*3tt5pMl nP«:il® 7 a<Djf:${i2 0 0 n 
m. y rS^fip = 5 X 1 0^^cm"3-efc§o ^ 

fc. V'7^'^mm<0 (111) B®t;i:*o(t'5 pM 

I n V^mm 7 a (Dff^fiS 0 nmT**>5o 

[0 0 5 7] ^Ur. «14g«KK(ipSl nPmSS:/ 

D5/^S8a (d= 7 0 0 nm. p = 7 X 1 0 c 
m"^) . TY^l n'Pm.m.'Zfu y ^MS h (d = 6 0 0 n 
m. n= 1 X 1 O^^cm"^) Xm^byh^fl, pMlnP 
||2^^5'KS9a (d = 1500nin. p = lX10 
^^cni"3) , p^InGaAs:3^>$?>j;^}.^iOa (3 
OOnm. p = 1 X 1 O^^c m~^) id^^S ^ tXT V^ -So 

/.^is. 3 t;l^^i^Tv^/^v^;^^^. IH i 6 (c;^-1-p iiJIi® 
1 1. nfiumffii 2dss§*tl^«t;i?l^^$nT*5!?. P 

[0 0 5 8] ^^^c^tM:^^fe^;lov^Tl^&P^-r6c EI4fi. 

1 O^JS^i|T*fe^ASM-LDcOf^MXgig 

V]) :^=f';\-T/\-^=^^J>s (TMAl) . h y oi^yi. 
(TEGa) . V]) ;^=^Ji^^ (TM I 

n) . T/l-i^^^ (AsHa) . ^^sT.Z^^l^ (PH3) S:^ 
V>-5o ^fc. n^t pSoK-f^^i/lSJlSfi: UTfi. 
v-^V (Si2H6) <i: v^3i^/i/ffi#& (DEZn) ^^tl 
^tL^v^So ^-^ y T;^f>^fi7k^T% ^S£E;^;filOO 
h P a X^Oo 

[0 0 5 9] ^-r. (001) ®Sr^:^ffiii-5nS! I 

n PS^fi 1 a ±(c:j?$ 10 0 nmOg^^bv-y =3 ^^j^:^^ 
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{£or-^;^^i|ii5 BBPilgl. 5 Mmt)^htJ:^—M 

(O:^ hy^y':^<Dm<tiyV s^--^;^^ i 3 a {c:Jpxi--5 

((gi4 (a) ) , ;^ h7-r >^ofi#^fS]?r^-r^ 
:f:}jm^ [110] :*^r&]-cfe5o 
[0 0 6 0] &:(c^coSS^MOVPEig^SJc:-fe5/ h 

nSl nP^^5/ KS2 a. nflJInAlGaAs 

Kg 3a, InAlGaAsg ^^U^^MAl^ 
^^mi^m 4a. pillllnAlGaAs yt:tf^ 5 

a. pmi npmi ^ y vms e axm^^fh^m^^ 

(b) ) o Htc:^^t;i$^,t-:i^/^<5ajg^LT. pMl 
n P{^^g 7 a (gI4 (c) ) , ^SMS 

(0 0 1) ®fC^bMt6^S5iSfi-^tL 
"etL. nmi nP^^iyh^m2 aib^bpmi nPmii^ 
^ 5^ Kil 5 6 a ^T*;a5 6 4 0*C. 0. 
I n Pi^glM 7 a 5 9 Ot:. 1. 5 m/ h T'^^o 
^(^)^MOVPEi^fi^^bSl!9mL.. '^/U'7rv'^>:f 

3 a ^?1^^-r5 m4 (d) ) o 

I 0 0 6 1 1 ^tc. :^aMO V P Em&\^± h ^ 
:gmS6 3 0*C"epM I n P||gK:7^C3 :y ^gS a . 

m4 (e) ) , MOVP E^B;e)^^ffi:«9 mb"r®>^l^v' 
y r2>-y';^>5r 2 1 3 a 3[HJScDMOVPE^ 

a. pMI nOa As n^-^^J^ hill 0 aS:^:^^-^. 
^COm. pM«®llO?F^^. n^I nPS^El a(DW 
nMm^l 2 0?f^j5^^ffV^. gl3T*^UfcASM- 

[0 0 6 2] ^(75^^{^^l/-if^*SSg3 0 0 

ifefiSmA. :^D— :/^^f:iO. 4 5W/A^ffiL#V^ 
ffiSSE. S5a*T*(^l/-if^M^#y^Co ^i^c. 12 0t: 

{m2(Dmmm) ms}^:^mm<Dm2<ommmx^ mi 

fzl. 3 /zm^ASM-LD(D«itIIlT'fe^o Sl^Jg 

Kii 6 a 1 mmm\^isi,f ^^mm 7 a (^ssj^ao 

[0 0 6 3] me{zmmm2(Dii^mT.nm^^-to mi 
mmmtmmitz,f^^^-S:}i^\^MovpE&^m\ mn 

^UrUTMAl. TEGa. TMIn. A s H3. P 

H3^^v>. nmtpm(D\^'-\::>^^mnti.xi±si2 

HetDE ZnS^•?:tt■e^^fflv^;5o V r:^y^\t7i<im 

X\ ^^J^til-^ 1 0 0 h P a Xff^o 

[0 0 6 4] ^-fx (0 0 1) m^^^mt-r ^nm i 
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n PSSl a±{Cj^$ 10 0 nm(Dmitiy}) ^'^m^m 

o;^ h y ^ •:f^(Dm\:iy V 1 3 a (c:j[)DX-t-^ 

(me (a) ) o hy-<':f(D&^ij\^^7f^'r:^ Vy^ 
y^^mi^ [110] ;^rR]T&5o 

[0 0 6 5] lk\^^(D&^^UOV P h 
U. nM I n P ^ :y 2 a . n ill! I n A 1 G a A s 
K^3a. InAlGaAs ^^U^^M&'f'^ 
10 FSttS 4a. piiainAlGaAs %iS^ Kg 5 a . 

pa I n p^i >7^5/ Kg6 axm^^f\.^m^^n^ 

0^ttg^SS&^3lS^j5£StcJ: (me 

(b) ) o pMl n P^l i7^:y Kii6 afOift^fl. ;^ 
i^hy:7• T*>5 (001) ffi-e2 0 0nm. p« 
TfoS (111) B®T'2 0 nmT'fc^o 

(00 1) ®tc::Jott^^S3gSJ±. n^I 
n P ^ :y Kg 2 a . nffiij I n A 1 G a A s Kg 
3 a . ^'fiS^F^FfSttg 4a. plBIJ InAlGaAs 
*;j^f-f Kg5 a T*6 4 Ot:. 0. 5 Mm/hi?. pSi 
20 n P ^ 1 >^ ^ Kg 6 a 6 2 0 t:. ^ 2 , 5 ^ m/ h 

x^^^ m2(o'mMmx\^^ pmi npni ^y-/ Kg 

6 a(75^:gm*SrTtf5:i^tcJ:!9^i^>^ Vy^':fmm 

«^g^ UT«|g^-frTV^ 

[0 0 6 6] ^O^. MOVPE^a;e)^^SiJ9 ffiU. ^ 

imMmhnm'C'^f'^'yryyd^'Txx^:^^ nM':f'^v 

^mSa(Dm^^ pMl nP^2^^:y KS9 a<7)Jf^ 
pM I nG a A s ^^^'iJ'iJ' hg 1 0 a (^?f^j^^ST 

HI 5 o«3t^f^S[-r 5 ^ ;d5-x?# 5o 

30 [ 0 O 6 7 ] 0 7 i^^MfM,mtm^^-S:mm(D ( 0 0 

iliMtci n PiS:^g^^^Li^c^^^^-ro :^hy-C:r 
<7)S#*lP];d5 [110] ;fyfp](;i/^S J: 5t-. :^ 

m^^TlS^b. (Ill) B®(^S^S4^^^^fi^<* 
(Dm^^^y^^ ^y V l.fz.o 

[0 0 6 8] El7ti. (Tg) ^^^jg 

S (Rg) (x, y) = 

(Tg, Rg) l^X^ y^^t l^tz^yyXhKl . 7^ 

[0 0 6 9] ^mB,^:d>5 6 0T:;e>-ib 6 2 0T:<75^'8'. 
^rjc:SitSf:i^i^^^TofcO. 3 /z m/h;6^^ 3 /X m/h 
(^5«SHT*. (Ill) B'm^<oW-mtj: I n P^S;5S^® 
X^tzo 5 6 Ot:i^TT*fi¥±itt;i5^TL. ^ 

i^:^ h y ^ ^mm\^^mm^+^{c^mx^ fj:7^^<:>rco 
rtitt. (DjsSfi^aScoi&Tt-J: »:) i nj[^^(jD-r-<i/ix— 

50 P (y V) iEds^J^UT^att^ds^^t:!^/^/^^^). b 
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^X.htl^o ^^C. 6 7 0*C|^±-eti (111) Bffi-- 

6 2 ot:-6 7 ot:r*n. ^^u&(D±.^tmz.^^^ 
S.^mmir^:it\^^^ . (Ill) BSo^SdSpjig 

^(O^J^j4^#X.5 (00 1) ®Ji"T?3 //m/hJl^jl 

[OOTOltSoT. (Tg, Rg) = (5 6 0. 0. 

3). (620,0.3). (6 70,2). (67 
0, 3) . (5 6 0, 3) (Db^^^^/w'Tsm-^fX.fz.m^ 

tlpMl nPiSmg7 a^ 5 9 0^. 1. S/zm/h 

2. 5/xm/h-C^;6i-5:l^^::J:!9^^il®$r7«i^ 
h^^:7^{|iJ®t;i?l^fi8;L. a i ^'^Ayfc^«ftcg(og&^t: 
[0 0 7 1 ] fS5. (0 0 1) m<0^'S:mm't. ^S®^ 
3S:^^®^t-Ct>^t>fe^feV^(?5-C. 0 7-e:^Lf:i (111) 
B ® 5 J5 j6S ^ e> 5 o 

(^3(D^ffi^y) msi^:^^m(Dm3(Dmmmx\ ett 

micm^fz. 1 . 3 /i mSASM- LDT^fc^o 

[0 0 7 21 (0 0 1) ^^^SimtT^nmi npm 

ffila (:3e-^yrS*n = 2X 1 O^^cm-^) Ji(c:2* 

(d::^ h "7 ^ ':f^(Dmi\:-> V ^^^i^-^p^^ i 3 aib^ [i i 

0] ;^f^v6^b (0 0 1) ®rtT*0. 5S{1V^T?^^^^ 

:J^^5'KS2a (J?^ d = 2 0 0 n m. n = 1 X 1 0 
cm"^) . n{i] I n A 1 G a A s KJl 3 a (d = 

5 0 nm. y >' V—:^) . I n A 1 G a A s ^^^/P (d 
= 6nm. 1. 5%B^m^. 1 ^ ^JV) . InAlGa 
As^^yr (d = 10nm. 0. 9%?|o3S!?^) t*« 

^$n53i^as^#F^t4;i4 a . piiyinAica 

. A s^;<f-< Kg5 a (d = 5 0nm. J Y—'f) . p 
S!lnPmi^^:yK;i6a (d = 200nm. p = 5 
xiO^'^cm'^) ;^SJ^^^$^^TV^5c 
[0 0 7 3] ^fc. M^fi»^#FffittS 4 a 
ti> pMl nP^li5'^:X Kil6 aT';^^<— ^tT.-C:jB 
P^I nPmi ^5^7 5/ Kii6 a;dSi^^jlcOS:fJ^U 

■rv^^o (111) BSt;iSott6 pM I n p^i 5^ 
[0 0 7 4] m^^mim^^^^^xmrn^^o 

S = LXIOOO tani 
2-1' ^^S;K (ag*^5 0mm) ^>«VNfc^'&. fS#^ 
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^s^?l)^l^«^c^fa^:6^;lfiMovPE^fe^^s£v^, njisfi: 

UTfiTMAl. TEGa. TMIn. A s H3. PH3 
«r> nM.h pS(^ K-l:f>^^JlJisf<i: LTfiS i 2H6^D 
EZ nSr-^tt-^ixfflv>5o ^-^ y r:3tf;:^fi7tcm-e. 
JE;^im 0 0 h P a T^t5o 
[0 0 7 5] ^-r. (0 0 1) ffi^^Sffi^f 5nMl 
n PSSl a JitCJ5^ 10 0 nmCOg^>fbi^y :^]^^fSl 

^'YP^Jbt<^®^^biXy r3^-^;^>^ 1 3 a tdiPXf -5 (El 9 
(a) ) o w(D^. >^ h^>Y:7^c?^g^;^fp]fi [1 1 0] 
(0 0 1) ®F*9-C^@«tc:0. S^^ttT?!?^ 
(III9 (b) ) o 
[0 0 7 6] ^\Z^(Dm^^yiOV P P.'^n.\C'^ V 
nS I n PiJ^ ^ 5^ Kg 2 a . nfiOlnAlGaAs 
%iS^ KS3a. InAlGaAs ^r-g-tf^^fift^^* 
FSIig 4a. pWlnAlGaAs K/l 5 a . 

pm.\T^p%\^yvYm^ ^xm^^f\.^m^^Wy^ 

20 <5DDH (Double Hetero) «jg^alS^JES;fi 
(HIS (c) ) o l^'^WJS.h^^^m-i^ 

nMlnPi5^^5^KS2a;6>bp{i!lI nAlGaAs^ 
:^f-r Kjl5 a ^-Cfie 4 Ot:. O. S/zm/h-e. pM 
I n PHI ^^5/ KS6 a tie 0 0*C. 0. 5 ^ m/h 

[0 0 7 7] ®^>fbv^y n:/-^;^^ 13a;eiS[110];3^ 

^t^h (0 0 1) ffif^-eo. 5gM^tT?i^fig;^ttTv^5 

(Ill) P>m^i^\i^:^'Ty'^m^-h^mtVi\^^ 
i^^-g^tciJt-^Ti I I ;Ki^T-oK^m^;ii^ii;!3Dt-5o -=e 

pSi n P^l KS6 a^:S^lC^i^fil| 

Kii ( 3 a . 5 a ) . ^tt® 4 a ) (Om^^^WT^ ^ 

[0 0 7 8] ^Z(omMm'Q\^:^ h'7-{y^<r>m^nt u 

TO, 5ft<OJ^'g^tCoV>Tai'<f:io ffi#:fttCitMUT 
(111) B®tc::iott5:^7^:y:7^r«^Pi;ei5^< ^9 ;^7^:y 

4d? (111) BoSlc^JitS^SffiiS. 5pat±f^Jr 

o®ffl{cov^T#^5<^. ;^ h^-YT"^ [110] ;&f^ 

5^. :g^L (fim) mtltz.mX*<D [110] h 

^^^^^^(D^tims {pLin) tt. ^ (1) xm'r:^t 

[0 0 7 9] 
X) • • • (1) 

50 >^D-fe;^^cjoV^TAPB^;&5itgI6^J^;l^^i-- + 



17 

[0 0 8 0] 13 10 (a) . (b) . (c) {;i5g 

S^J^g^CffiV^5e?^t:v'y 1 3 a CO [110] 

pMl nPUl K^6 a^>^V>fCo ^^h^-Y 

:^(Dm^f^r^-:k^ <tj:^(D{z^\^\ (iii) Bffitc^o 

[0081] mio (c) {CTr^-rmu^T^-f-m^x^i^. 
m'^m^^tixmmx(Dmit^>v =^>^mm (ds) t^^m 

<^j:^o ^oX. d t >d s mis (a) mm) iCtj: 

[0 0 8 2] &.±(7:>^^:^>h. mn^^\ci^om<t^>v 

=3:^-=r>^^ 1 3 a ofSt:ftf:i. o. 0 i SJi^AJLs g:^T 

[0 0 8 3] ^fc. m3<D^Jg«r!)T*Ji. ^P*§<b-^;^^ 

mnttio b^^U. [^1 lfc:^b:rc-e>;^y^i$^ — ^-OJ: 5 
{c:-r>^iJ^<D-$i$^fflttfc^'& (011 (a) ) ^Mtt^ 

^^m^^^fc®^ (13 1 1 (b) ) . mum'^^:^^m 
^m:^t^m^ (mil (c) ) f^t\ ^tbb<oiiFmit^x 
oxfSi±mm&^(Dmm^:^^<-'r^^mm&m^i-h 

^y-||3^mF!)T*fi:fil'ttjltC I n A 1 G a A s Jl^^Ay 

fcA s M«^t J: 5 ^mi^m^(Dm^\co\r^xm-<rc 

t)^. A 1 G a A s ^ I n A 1 G a P?fe^*^,^V^;rc®'g^-e 

[0 0 8 4] Aimmimmm--msmmmxi^. 
^mi^m^(Dmjjm> cood ®o®^T*i5^p^Lfc 
[1-10] ;^r^*fcJi [—110] :3^rR]tc^Sfs 

t^TV^Tt>J:V\ wCO^®(OfS#li. jI^MOVPE^ 

fiT-J^^^^t^s^i^fi|J®^5 (1 1 1) Bt^ttj:^m.m(o 

[0 0 8 5] Ell 2{C-'mt LT. [1-10] 

smmntziooi) i npmm^m\^^xfs^^mm^^ 
^&mt (111) Bmi-i^iv^^rcs 9 . im. 49. 

yffi^/^-To ®*^^Kfif;iJ:t) (ill) Bm(D 

5o ti^x. ^^m<ot^^fimhti^'^mti.xi'X^ 

(111) Bffi<D?i^^K;6SpJfigTfe5 1 5Saft^T*"Cfe 
60 
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[0 0 8 6] stc. ^2S*^S;K(D®:35-f5:;65 (001) ® 
[11 0] :^m^tci^ [-1-10] :^\^Km\^^x 
v^rtJ:v^o :icoffit^tc:jcSCT (ill) Bffio>^7^ 

5/:^«s^5ii*pr5oT% :^^m(Drfmxh^ (1 1 
1) BE-^cD^scDffiii. ^m.i±<D\^±i)mbti^o 

[0 0 8 7] mi 3\C-mt LT. [110] *fRjt;il 
«MJtySi(001) I n PS«SrffiV^Tf^$8L.fcASM 

-LDc^WffiSi&^l-o mis (a) fiW»S&t-S!E:^r 

f^. iai3 (b) i^m&^ii^^^nfj::^\^:^^hM.fzmmm 

10 TfeSo [1 1 0] :^rRjicia«tts:ittcJ:!9-^#lfi 

xi^^\.fzmmhim^<:it\^t^^o ^m^\y-^<o 
K^^^tf^^^-^^rnxf^mi^fz. (110) ®i^u? (- 1 

-10) ffitffi<fc*!>tc. ^ ^-a*;d5ii;!jnbTU#v^ 
V'7^:^y^l^^^m\^^XRMm^'B^'t^m 

[0 0 8 81 Jll5^l^iS^y-^3ll^s^l)^c^ov^ 

[0 0 8 9] 

SrA 1 ^^iif^\.^^m^mxi3y<-'t^:LtKX.^X. 

mi \ ^^m<D^m^m^<Dm^mm.i:7r^'r^mmx 
[13 2] >^^m(r>mif^mm(D^mTMi:7r^'r^mmx^ 
[EI 3] ^^m(o^i<ommmx. Ai^^A^tzi^mw 

/i«rffittS^->^V^:^cl . 3 /zm^ASM-LD(^)«5g»f 

[El 4] :^^m<Dmio:>mmm(DVFmjLn^7T^^m'^m 
xh^o 

[135] *:^0.g<7)^2<^^iS0ll"Cfe§ASM-LD(DS 

[El 6] ^mm(om2(Dmmm(DYfmj:u^7r^i-mmm 

[E17] *^p>g(Dmi. m2<Dmmm(orfmxh^?^'^ 
mmo^mi^McD^'^^m^^^^Tr^-r^'y^xh^o 

ims] :^mm(Dm3(Dmmmxf^^mm&^m^'i^(D 
mm^^-rmumxh^o 

50 [EI 9] *:^9g<75S3<D^IS«fll<7>f^»X5e^^-r»fffiBI 
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[0111 ^^m<om3(Dmmm<Dft>mmti.xmiK^ 
[13 1 21 [1-10] jj\^\z5mm'ftzm^& (o o 

[0 13] [110] *fRj(c:igffi(tyb®:j^ffi (o o 

[^16] ^3k<DASM-LT><omm^^'rwfmmxh 

So 

[13 1 71 tS*OASM-LD(?5f^aSXSi£:^-r»r®S 
[0181 i?/w:7T7-f >'>^n"fe;:^:^^-r»fSI3-Cfc 
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